Farmers strive to produce high yield and good quality garlic both for consumption and economic value but soil fertility depletion is among the major impediments to sustained garlic production, especially in the less developed countries, because of limited application of suitable rate, type and sources of fertilizers. Thus, the study was conducted on Andosol and Vertisol soils at Debre Zeit Agricultural Research Center, Ethiopia, for two consecutive (dry and main rainy) seasons to assess the effect of various rates of compound fertilizers on growth, and nutrient content and uptake of garlic. The treatments consisted of control (unfertilized), one level of recommended NP (92/40 kg ha -1 ), three levels of Azofertil (100, 200, 300 kg ha -1 ), four levels of Basic (100, 200, 400, 600 kg ha ). The experiment was laid out as a randomized complete block design with three replications at each site. The morphological characters like plant height, neck thickness and leaf area index of garlic at different growth stages, and the contents and uptake of nutrients like nitrogen, phosphorus, potassium and sulphur of the crop were significantly increased due to the applications of higher levels of Azofertil, Basic and D-coder compound fertilizers on Andosol soil during both seasons. However, the lowest growths, and nutrients content and uptake were recorded from the garlic plants fertilized with lower levels of the three compound fertilizers, recommended NP and the control plot, especially on Vertisol. Generally, plant growths, and nutrients contents and uptake of garlic exhibited good results with the application of D-coder fertilizer at the rate of 200 kg ha -1 followed by Azofertil at the rate of 300 kg ha -1 on Andosol during dry season by irrigation.
INTRODUCTION
Garlic is one of the main Allium vegetable crops known worldwide with respect to its production and economic value. It is used as a seasoning in many foods worldwide; without garlic many of our popular dishes would lack the flavor and character that make them favorites. Garlic's volatile oil has many sulfur containing compounds that are responsible for the strong odor, its distinctive flavor and pungency as well as for its healthful benefits (Salomon, 2002) . Moreover, it contains considerable amounts of Ca, P and K and its leaves are sources of protein, vitamin A and C (Mahmood, 2000) . Garlic has higher nutritive value than other bulb crops in addition to containing antibiotics like garlicin and allistatin (Maly et al., 1998) . But the growth and yield of garlic is influenced by different nutrients management and other factors during their production in field.
Despite its importance and increased production, garlic productivity, in many parts of the world, is low due to genetic and environmental factors affecting its yield and yield related traits (Nonnecke, 1989) . In many garlic producing areas lack of available nutrients is frequently the limiting factor next to the soil water as their uptake and liberation of N, P and S from soil organic matter depends upon availability of water (FAO, 2003) . In order to improve garlic production different fertilizers application (type, time and rate) is one of the limiting factors of garlic production that should be considered (Brewster and Butler, 1989 ) and the production of vigorous sprouts is one of the most important factors of successful garlic production through balanced nutrients applications (Potgieter, 2006) . Application of balanced fertilizers is the basis to produce more crop output from existing land under cultivation and nutrient needs of crops is according to their physiological requirements and expected yields (Ryan, 2008) .
Today, efforts to obtain higher yields and good quality of garlic have led to the application of various types of fertilizers that have dissimilar concentrations of plant nutrients and therefore affect the growth and yield of the crop differently. Bulb crops are a heavy feeder, requiring optimum supplies of nitrogen, phosphorus, potassium and sulphur and other nutrients which can adversely affect the growth, yield and quality of bulbs under sub-optimal levels in the soil (Gubb and Tavis, 2002) . Hence, considering garlic as one of the potential vegetable crop for consumption as well as for market, it is imperative to increase its productivity along with desirable attributes through production management practices and application of other sources of nutrients beyond Urea (38%) and DAP (62%), especially those contains potassium, sulphur and other micro-nutrients (CSA, 2011) .
High yield and good quality of garlic can be improved through nitrogen and sulphur application strategies as influenced by the source of N and S, as well as rates and times (Luo et al., 2000) . An increase in sulphur supply is related to an increase in alliin content of leaves and bulbs of garlic (Van den Heever, 2006) , whereas nitrogen fertilization is necessary for ensuring successful vegetative growth of garlic (Kakara et al., 2002) . Stork et al. (2004) reported that the application of nitrogen along sulphur at an early vegetative (sprouting) stage is useful for the promotion of strong vegetative growth before cold winter months.
Research work has been done on the base of NP in different soil types and in various climatic conditions, but very limited work has been reported on various sources of fertilizers for a certain nutrient. Application of only N and P containing fertilizers causes reduction of the quantity of K and S in most of the soils as there is also evidence of fixation of potassium and leaching of sulphur in different types of soils in addition to mining by different crops as result of continues cultivation of land (Murashkina et al., 2006) . Therefore the application of K and S and other micronutrients to soils having even fair amounts of K and S contents may still show its effect on plants. Mattew et al. (2000) and Havlin et al. (2007) stated that Zinc mineral showed high sensitivity in onions production.
Even though, the total fertilizer use has generally increased recently in Ethiopia, its use is still below the recommended levels and based on traditional practice; garlic growers rely on fertilizer nutrient sources that contain only N and P, and there is little use of other nutrient sources for production of the crop and absence of K, S and other micro-nutrients uses by our farmers, resulting in a steady decline of nutrient levels in the soil (Teklu and Teklewold, 2009 ). However, the use of sufficient and balanced sources of nutrients to obtain good growth and high yield with good quality garlic plant is an important practice in today's garlic production through addition of new technologically produced compound fertilizers that contains different nutrients in one fertilizer product.
Different fertilizers produced in factory by blending different nutrients is used to replace adding two or more fertilizers to the soils by the crop producers and these are used to supply different nutrients for the crop, save resources and economy of the farmers. Thus, the objective of this study was to differentiate suitable level and type of different compound fertilizers application for growth, and nutrients content and uptake of garlic crop on two soil types in both dry and rainy seasons.
MATERIALS AND METHODS

Description of the Experimental Site
The Experimental plots were thoroughly pulverized, leveled and ridges of about 20 cm high were prepared. The crop was planted on the ridge of smoothed soil at the spacing of 30 cm between rows, 60 cm between double rows and 10 cm between plants on both soil types on plot size of 3.6 m 2 (1.8 m x 2 m). A distance of 1 m was maintained between the plots and 1.5 m between blocks. In each trial, a garlic variety called "Tseday" was used for the experiment. Healthy and uniform mediumsized cloves were selected and planted at the depth of 2 cm on vertisol, and 4 cm on andosol. The plot size consisted of six rows with 20 plants per row; comprising 120 plants per plot. The rest production management and agronomic practices were kept uniform for all treatments over both soils during both seasons as per the recommendation of Debre Zeit Agricultural Research Centre (Getachew and Asfaw, 2000) .
The full dose of all compound fertilizers were applied at planting, but urea fertilizer was sidedressed four weeks after emergency of cloves to adjust N content of DAP at locally used recommended levels of each N and P fertilizers (check) as indicated in Table 2 . The levels of each compound fertilizer were selected depending on their nutrients content. Garlic leaves were randomly taken from plants of each plot just before bulbing at an active leaf growth stages. Thirty actively growing leaves from the central point of insertion on the garlic stem were randomly taken from the plants of middle rows. Then, the leaves were oven dried at 65 o C for 48 hours, weighted and grinded for the analysis of N, P, K and S concentrations in garlic leaf tissues. After matured bulbs were harvested, five clean sample bulbs from each plot were collected randomly, grinded to small size and bulb tissues were oven dried at 65 o C for 48 hours, then fine grinded and used to determine ion contents on a dry weight basis. Dried sample tissues were wet digested as described by Wolf (1982) . Total N was determined using the modified micro Kjeldhal method (Cottenie et al., 1982) and P by colorimetric method using spectrophotometer (Olsen et al., 1954) . Potassium content was measured using flame photometer method as described by Chapman and Pratt (1982) . The sulphur content was determined Turbido metrically using a spectrophotometer method (Singh and Singh, 1999) . Tissues nutrient uptake was determined by multiplying their respective dry weights and nutrients concentration obtained within their respective garlic tissues; and the garlic plant nutrients uptake was done as total nutrients taken-up both by leaf and bulb tissues.
Data Analysis
The mean data were subjected to analysis of variance using SAS (Statistical Analysis System) version 9.0 and mean separation was done using the Fisher's Least Significant Difference at 5% probability level according to the method described by Snedecor and Cochran (1980) .
RESULTS AND DISCUSSION
Status of Nutrients in the Experimental Soils
The average of two season's experimental soils' nutrients content was found to be generally larger in andosol than that of vertisol (Table 1) . Similarly, the organic matter content of andosol soil was higher than that of vertisol soil in both seasons. The total nitrogen content of the andosol soil (0.120%) is low but that of vertisol soil (0.064%) is very low (Table  1) according to the rating of Hazelton and Murphy (2007) , who described that N content of soil between 0.15-0.25% is medium and greater than 0.25% is high. Available phosphorus of both soils is categorized within medium ranges rated by Holford and Cullis (1985) as cited in Hazelton and Murphy (2007) . Also the exchangeable potassium contents of the soils of both sites (Table 1) are high according to Hazelton and Murphy (2007) . Landon (1991) further stated that a plant response to potassium fertilizer application is likely when a soil has an exchangeable potassium content of lower than 0.20 C.mol (+) kg -1 soil and unlikely when it has exchangeable potassium content of higher than 0.50 C.mol (+) kg -1 soil. The sulphate-S content of both soils is high according to the rating of Bashour (2001) . Zinc content of andosol soil is higher than that of vertisol soil. Also both soil types do not have a salinity problem as the electrical conductivity of both soils are less than the rating described by Hazelton and Murphy (2007) as he reported that soils salinity effect below 2.0 dS/m is mostly negligible for most of the crops.
Effects of Fertilizers, Season and Soil On Growth Parameters Of Garlic
Application of different compound fertilizers significantly influenced garlic plant height at all successive growth stages of 30, 60, 90 and 120 days after planting (Table 3) . But the growths of neck diameter and leaf area index were significantly influenced at 90 and 120 days after planting (Table  4) . This indicated that lower influence of fertilizers on the horizontal growth of garlic necks at the initial growth stages but as growth proceeds the applied fertilizer significantly increased the studied growth parameters of garlic as indicated in their respective mean values. This might be due to the allocation of assimilates from plant to the dry matter storage organs of bulbs which at the same time increases the growth of bulb neck. Plant height, neck diameter and leaf area index (LAI) of garlic treated by different levels of fertilizers was significantly increased over the untreated (control) plot at all sampling growth stages, but only application of higher rates of Azofertil (200 and 300 kg ha ) fertilizers improved the garlic growths over the recommended NP at maximum growth stages of 90 and 120 days. However, the applied compound fertilizers did not significantly influence the number of days taken to 50% shoots emergency and 90% physiological maturity of garlic plant and number of leaves per plant at all growth stages (Table 3) . However, the number of leaves per plant was significantly increased as the growth time proceeds in response to the cumulative effect of the applied fertilizers as indicated by their mean values, which indicated that the cumulative role of the nutrients available in the compound fertilizers on the plant development and growth, and this result is in line with the result of Nori et al. (2012) , who reported an increased number of leaves and their growths with time. Faten et al. (2010) also revealed that the highest onion plant height and neck diameter growths due to the application of sulphate of potash than muriate of potash, which indicate the positive cumulative effects of two or more nutrients available in the compound fertilizers than the fertilizer containing single element on the growths of the crop. ; A100, A200 and A300= Azofertl at 100, 200 and 300 kg ha -1 , respectively; B100, B200, B400 and B600= Basic at 100, 200, 400 and 600 kg ha -1 , respectively; D100, D200 and D400= D-coder at 100, 200 and 400 kg ha -1 , respectively. Means followed by the same letters within column is not significantly differed; ns = indicate non-significant, and *, **, indicate significant at P<0.05, and 0.01 LSD tests, respectively
The growths of garlic plant parameters studied increased with time due to the applied fertilizers which indicated that nutrients demand and uptake by the crop increases as the growth of plants proceeds (Tables 3 and 4 ). The mean values of garlic growth parameters significantly increased with growth periods up to 120 days. D-coder compound fertilizer applied at the rate of 200 kg ha -1 significantly increased garlic plant height, neck diameter and leaf area index which improved by 7, 10 and 12% over the recommended NP and by about 15, 19 and 28% over the control plot respectively at 120 days. Similarly, Basic compound fertilizer applied at the rate of 400 kg ha -1 improved the height and neck diameter of garlic at 120 days. Also the growth of neck diameter was significantly increased by Azofertil application at the rate of 200 kg ha -1 over the rest treatments at 120 days. This rate of Azofertil fertilizer increased the growth of neck diameter by 10% and 19% over those grown using recommended NP and the control plot, respectively. Results indicate that availability of Zn with N, P and S had significant role on the vegetative growth of garlic and the collective effect NPSZn nutrients that stimulate plant growth and thus increases leaf growths of garlic which is also in accord with the findings of Phor et al. (1995) and Alam et al. (2010) . The results of Tisdale et al. (1985) are of primary importance in this regard, who reported that zinc deficiency cause shortening of the stem or stalk and stunted growth. Similarly, Khan et al. (2007) reported that significant influence of N and Zn nutrients interaction on onion plant height.
The results reported by Rizk (1997) , Al-Madini et al (2000) , Abdul et al. (2003) , Aliyu et al. (2007) and Islam et al. (2007) concluded that increasing the application rate of NPK fertilizers increased growth parameters of onion plant. But according to the result of Mudziwa (2010) . Kale (2010) also reported the tallest onion plant height, large neck diameter and many leaves per plant due to the application of ammonium sulphate and sulphate of potash than urea and muriate of potash applied, as urea and muriate of potash containing only N and K minerals, respectively and he also revealed significantly higher number of maturity days due to ammonium sulphate and urea. In contrast to the present study Mozumder et al. (2007) obtained significant and maximum number of garlic leaves with a fertilizer combination of 175 kg N + 100 kg K + 24 kg S ha -1 application.
Garlic shoots emergency, plant physiological maturity, and all measured garlic plant growth parameters were significantly (P≤0.05) affected by season of crop production at all sampling growth stages except number of leaves per plant at 60 days after planting (Figures 2 and 3:A-D) . However, the number of plant shoot emergency and physiological maturity prolonged during the off-season. This might be due to the effect of rain on moistening the soils before planting of the crop main-season that accelerate the shoots emergency, and also due to short time of optimum rainy months at the study area (mainly from mid of June to mid of September) that reduced the time of physiological maturity of the crop. But garlic plants grown in off-season by irrigation reached for physiological maturity with more days as compared with the one produced in rainy season as irrigation applied led the vegetative growth of the crop to be increased more by takingup more nutrients. Garlic plant heights were significantly increased in rainy season at 30 and 60 days; however, it was significantly increased in offseason at 90 and 120 days which might be due to availability of competing nutrients between garlic roots and leaching effect in rainy season and it indicated continues increase of plant growth. Garlic plant height linearly increased up to 90 days during off season than in rainy season (Figure 3-A) . Number of leaves per plant becomes doubled as the time of growth proceeds from 30 to 120 days, but it was increased in off-season than rainy season only at 90 days after planted. The number of leaves increased significantly in off season up to 90 days, but in rainy season increased up to 120 days (Figure 3-B) . However, the growth of neck diameter and LAI were significantly increased in rainy season, except they become higher in off-season at 60 and 90 days after planting, respectively ( Figure  3: C, D) . In addition their growths increased with greater rates up to 120 days after planting in rainy cropping season. This might be due to availability optimum moisture in both soils to take-up nutrients than the timely irrigated one. Zaman et al. (2011) also reported that garlic plant height significantly increased with growth time up to 110 days and in second year than in first year at 200 kg N ha Soil types also significantly affected garlic shoots emergency and physiological maturity (Figure 2) . Consequently, about 50% of garlic cloves were emerged earlier from vertisol and 90% of the plants were physiologically matured earlier by about 4 days on andosol. This might be due to the vertisol having a characteristic of conserving more moisture with low temperature; as availability of optimum water accelerates the germination of embryo but elongates the time of plants' physiological maturity as the foliage growth of the crop increases. According to Globerson et al. (1981) the duration of maturity was expected to be affected by different growing conditions. Similarly, garlic plant height, neck diameter and leaf area index were significantly influenced by the soil type at all the successive growth stages of the crop (Figures 4: A, C, D) . However, the number of leaves per plant produced was not significantly influenced by the soil type at all growth periods (Figure 4-B) . Garlic plant height, neck diameter and LAI at 30 days were significantly increased on vertisol. This might be due to moisture conserving ability of the soil that enhances root growths of garlic as more moisture is required than nutrients at initial growth stage and this in turn improves the nutrient uptake by the crop to produce more dry matter. This leads to more growths of the plant and facilitates the production of assimilates for the growth of garlic plant at the successive growth stages. However, at 60, 90 and 120 days after planting, the plant height, neck diameter and LAI growths were significantly enhanced on andosol as compared to vertisol. The availability of higher amount of nutrients in andosol helps the crop to grow more at latter growth stage due to large amount of nutrients required by the crop at pick growth stages. Application of optimum N with other fertilizers increases the photosynthetic rate of plant, as it increases the chlorophyll contents of plant cells which in turn increase the dry matter of the crop (Girarden et al., 1985) . Increased leaf area index might be due to increased uptake of nitrogen and sulphur, which being constituent of protein; component of protoplasm and cell wall of the cell might have imparted favourable effect on the chlorophyll content of leaves. That in turn might have led to increase in synthesis of photosynthesis, which was further utilized in building up of new cells. These physiological processes might have lead to plant of better vigor, more number of leaves per plant ultimately leaf area index, and these results were also observed by Rajashekhar (1997) and Kale (2010) . Table 5 illustrated the response of some nutritional values of garlic leaf tissue to the different sources and rates of compound fertilizers applied during the two successive seasons over both andosol and vertisol soil types. It is evident that, the cultivated garlic plant gained significant (P<0.01) values of macro nutrients (N, P, K and S) content within leaf tissue due to the main effects of the applied compound fertilizers, season and soil; except the sulphur concentration was not significantly affected by season (Table 5 ). , respectively; B100, B200, B400 and B600= Basic at 100, 200, 400 and 600 kg ha -1 , respectively; D100, D200 and D400= D-coder at 100, 200 and 400 kg ha -1 , respectively. Means followed by the same letters within column is not significantly differed; ns = indicate non-significant, and **, indicate significant at P<0.01 LSD tests.
Effects of Fertilizers, Season and Soil on Nutrient Contents and Uptake of Garlic Plant Garlic Leaf Nutrients Content
The highest P, K and S concentrations were obtained from garlic fertilized with Azofertil, Basic and D-coder compound fertilizers at the rates of 300, 400 and 200 kg ha -1 , respectively but the highest N concentration was obtained only due to Dcoder fertilizer application at the rate of 400 kg ha -1 (Table 5 ). An increment of nutrients concentrations were observed due to the applications of these higher rates of compound fertilizers over the recommended fertilizers (92/40 kg NP ha -1 ), but a significant increments were seen at all the rates of the applied fertilizers as compared to the nutrients contents of garlic leaf produced on control plot. Thus, N, P, K and S nutrients concentrations in garlic leaves produced in response to Azofertil application at the rate of 300 kg ha -1 exceeded by about 65, 90, 14, and 64%, and due to D-coder fertilizer application at the rate of 200 kg ha -1 exceeded by about 59, 90, 13 and 68%, respectively over those produced on control plot (Table 5 ). The lowest content of nutrients was observed in garlic leaves grown without fertilizer (control plot). These results could be explained by positive effect of compound fertilizers at higher rates in improving nutritional status of soils that used by garlic plants. The interaction effect of nitrogen and sulphur on N uptake by garlic plant was significant and the combined effect of nitrogen and sulphur on N or S uptake was found to be a synergistic effect on the production of dry matter. Nitrogen content of the crop increased significantly with the increasing levels of Azofertil and D-coder fertilizers as they supply both N and S nutrients which can interact to increase the nutrient uptake and production of dry matter. Similarly, the positive effects of N and S interaction on the uptake of sulphur by onion plant was observed at the application of 120 kg N + 40 kg S ha -1 with the blanket dose of 40 kg P, 75 kg K, and 5 kg Zn ha -1 plus 5 tons of cowdung ha -1 (Nasreen et al., 2007) . A good supply of nitrogen stimulates root growth and development as well as the uptake of other nutrients and application of phosphorus improves the vegetables quality (Brady and Weil, 2002) . Similarly, Singh (2008) The production season also significantly influenced the N, P and K nutrients content of garlic leaf (Table 5 ). The concentrations of nitrogen and phosphorus were increased due to off-season production as compared to those produced in rainy season, but the content of potassium was higher in rainy season. This is because K is a mobile nutrient which needs more water to move up to leaves as it was supplied in rainy season, and higher N nutrient content in off-season might be due to its mobility character in rainy season that reduces the amount of them in soil by leaching by high rainfall, as it compete with garlic roots. Thus, the N and P content of garlic leaf was raised by 9% and 4.4%, respectively due to off-season as compared to rainy season which might be due to higher dry matter production of garlic tissues. However, the K content of garlic leaf was improved by about 4.4% in rainy season over the off-season. But according to Yoldas et al. (2011) report, the content of nitrogen was decreased by its doses and K content were not affected during first season and did not have significant effect on N, P and K amount of onion bulbs during second season by the inorganic fertilizer treatments. However, Coolong (2007) revealed that onion N and S nutrients content were lower in 2006 than during 2005 and increased with Ammonium sulphate fertility than Calcium chloride indicating that the additional supply of N was taken up by the plants and synergetic effect of N and S on the nutrients uptake. Fatma et al. (2012) revealed that application of N plus P fertilizers at the rates of 90 + 45 kg ha -1 gave significantly highest values of N, P and K contents in onion bulb but similar values over two seasons.
The concentration of macro-nutrients analysed from garlic plant were significantly increased on andosol soil than on vertisol soil (Table 5) . This might be due to the soils nutrients and organic matter contents in addition to the externally supplemented fertilizes that raised their respective nutrients content. The concentrations of N, P, K and S nutrients were improved by 33%, 55%, 64% and 311%, respectively on andosol as compared to those produced on vertisol. This indicates that the soil's nutrients content is an important to optimize the fertilizers to be added for nutrients uptake and increase quality of the crop. This might be due to increased dry matter production and increased root development of garlic crop resulted in higher uptake of nutrients through availability of optimum levels of N, P, K and S minerals. Also according to the report of Mudziwa (2010) , garlic plant tissues nitrogen and sulphur contents were significantly increased with the levels of Ammonium sulphate and Calcium nitrate fertilizers up to 200 kg ha -1 regardless of the sampling date. Rosen and Tong (2001) found that significantly higher garlic shoot nitrogen content in 1996/7 than during 1995/6 cropping year at Cannon Falls location, but non significant between the years in garlic shoot at Gutches Grove location. Also the report of Bull et al. (2004) indicated that an increment of phosphorus content in garlic leaf by about 37% on sandy soil than on clayey soil.
Garlic Plant Nutrients Uptake
Response of crops to fertilizer, which is a function of nutrient uptake, is highly variable and depends on crop, type of soil, past use of the land, local weather condition as well as the choices of the whole season (FAO, 1981) . The main effects of fertilizers, season and soil factors significantly (P<0.01) influenced N, P, K and S nutrients uptake of the garlic plant; and also the one-way interactions of fertilizer and season, fertilizer and soil, and season and soil significantly influenced these macro-nutrients uptake of the crop (Tables 6 and 7) . However, the two-way interaction effect of fertilizer, season and soil did not influence the uptake of plant nutrients analyzed.
Application of different compound fertilizers significantly increased the uptake of N, P and K nutrients of garlic plants in off-season and that of S in rainy season (Table 6 ). Thus, fertilization of garlic plant with D-coder compound fertilizer at the rates of 200 and 400 kg ha -1 significantly increased the uptake of P, K and S nutrients of the crop in both seasons, but N uptake significantly increased by this fertilizer rates only in the off-season. In addition, the uptake of N nutrient of the crop was significantly improved by the application of A F-test=* CV(%)=13.90 F-test=* CV(%)=9.60 * Fertilizer treatments: C0= control (unfertilized); NP92:40= recommended NP (92:40 kg ha -1 ); A100, A200 and A300= Azofertl at 100, 200 and 300 kg ha -1 , respectively; B100, B200, B400 and B600= Basic at 100, 200, 400 and 600 kg ha -1 , respectively; D100, D200 and D400= D-coder at 100, 200 and 400 kg ha -1 , respectively. Means followed by the same letters within column is not significantly differed; ns = indicate non-significant, and *, **, indicate significant at P<0.05, and 0.01 LSD tests, respectively . ‡, The mean values due to the main effects of the applied factors are significantly different as indicated by the upper case letters.
Azofertil and Basic compound fertilizers at the rates of 300 and 600 kg ha -1 , respectively and by the recommended NP in the rainy season over the other treatments. Also, the P uptake of the crop increased by the application of Azofertil fertilizer at the rate of 300 kg ha -1 in the rainy season next to D-coder fertilizer, and its lowest was obtained in garlic plants fertilized with lower rates of compound fertilizers, recommended NP and control plot in both seasons. Fertilization of the crop by D-coder fertilizer at the rate of 400 kg ha -1 in off-season was improved the uptake of N only by 9%, over the recommended NP. However, the applications of the three compound fertilizers and recommended NP in both off-and rainy seasons significantly increased the uptake of nutrients over those produced on control plot. The highest P uptake recorded in garlic plant fertilized with D-coder at the rates of 200 and 400 kg ha -1 and Basic at the rate of 600 kg ha -1 in off-season was significantly increased over the recommended NP. However, in the rainy season, the garlic fertilized with the higher levels of the applied compound fertilizers recorded higher P uptake over those produced by both the recommended NP and control plot. Consequently, the highest P uptake of garlic plant in response to D-coder and Azofertil application at the rates of 200 and 300 kg ha -1 increased by about 62 and 72%, respectively over those fertilized with the recommended NP, and by 166 and 150%, respectively over the P uptake of the crop produced on control plot in main season (Table  6) .
Similarly, the application of D-coder fertilizer at the rate of 400 kg ha , respectively increased the uptake of K over the other treatments in both seasons. Sulphur uptake of garlic plant was increased due to fertilization of the crop by the higher levels of the three compound fertilizers over those fertilized by the recommended fertilizers in both seasons. Consequently, the sulphur uptake of garlic in response to Azofertil and D-coder fertilization at the rates of 300 and 200 kg ha -1 , exceeded by 39 and 36% in off-season and by about 38 and 51% in rainy season, respectively over those fertilized with the recommended NP. However, at each treatment, a slight increase of sulphur uptake of garlic plant was observed in mainseason than the off-season. The lowest K and S nutrients uptake was obtained from garlic plant produced on control plot in both seasons (Table 6) . Application of a combination of nutrients improved the nutrients uptake of the crop as a result of their cumulative effect on the nutrients uptake through increasing the dry matter production. Similarly, Mallingowda et al. (1995) and Girigowda et al. (2005) revealed that the highest uptake of N, P and K nutrients by onion when supplied with N, P, K fertilizers at the rates of 155:22:104 kg ha ; A100, A200 and A300= Azofertl at 100, 200 and 300 kg ha -1 , respectively; B100, B200, B400 and B600= Basic at 100, 200, 400 and 600 kg ha -1 , respectively; D100, D200 and D400= D-coder at 100, 200 and 400 kg ha -1 , respectively. Means followed by the same letters within column is not significantly differed; ns = indicate non-significant, and *, **, indicate significant at P<0.05, and 0.01 LSD tests, respectively ‡,The mean values obtained due to the main effects of the applied factors are significantly different as indicated by uppercase letters.
These highest uptake of nutrients of the crop obtained might be due to the applications of N, P, S and Zn nutrients by D-coder, and N and S nutrients by Azofertil compound fertilizers; as nitrogen improve the vegetative growth and accelerating the photosynthates in storage organs of the crop resulting in an increased diameter and weight of the bulb (Sharma, 1992) ; and as root growth, particularly development of lateral roots and fibrous rootlets which responsible for nutrients uptake from the soil is positively encouraged by phosphorus (Barker and Pilbeam, 2007) . Also due an important role of sulphur in plant protein and some hormones formation, necessary for enzymatic action, chlorophyll formation, synthesis of certain amino acids and vitamins, hence it helps have a good vegetative growth leading to get high yield (Tisdale and Nelson, 1985; El-Shafie and El-Gamaily, 2002) . Also it is attributed to the positive effect of sulphur on nitrogen absorption and on increasing potassium uptake with the greater dry matter production, and these are also reported by El-Bassiony (2006) and Singh et al. (1996) on onion. Zinc is also essential for plant growth, activates many enzymatic reactions and is necessary for chlorophyll synthesis and carbohydrate formation (Vitosh et al., 1994) . Similarly, Abdulsalam and Hamaiel (2004) reported significantly increased mineral N, P and K contents of onion with the application of compound fertilizer containing 14% N, 38% P and 10% K nutrients.
The uptake of macro-nutrients analysed from garlic plants were significantly increased on andosol soil than that of vertisol soil (Table 7 ). The N, P, K and S nutrients uptake by garlic plant was improved by 30, 60, 62 and 140%, respectively on andosol as compared to those produced on vertisol. This might be due to the increased nutrients content and dry matter production of the plant by the cumulative effect of nutrients available in andosol in addition to the externally supplemented fertilizes that raised their respective nutrients uptake. The interaction of fertilizers and soil types significantly improved the nutrients uptake of the crop, but of all the fertilizer treatments the application of D-coder compound fertilizer at the rate of 200 kg ha -1 on andosol significantly improved the uptake of N, P, K and S nutrients of garlic plant, and their lowest uptake was recorded from plants grown on control plots of vertisol (Table 7) . The results indicate that soil having low amount of nutrients required higher levels of compound fertilizer to substitute the recommended NP level. This might be due to the increased dry matter production and increased root development of garlic crop resulted in higher uptake of phosphorus through availability of optimum levels of N, P, K and S minerals. Kumar and Rao (1992) and Panda et al. (1995) indicated that increasing N and P uptake with increasing N and P fertilizer applications to the soil as a result of improved availability and uptake through increased root growth and effective absorption. Similarly Nasreen and Hossain (2004) found the highest N, P, K and S uptake during all growth stages of onion on Grey Terrace Soil from the application of fertilizer combination of 100 kg N, 44 kg P, 83 kg K, 20 kg S and 5 kg Zn ha -1 which is in concise with the results obtained on andosol supplemented with D-coder fertilizer. Also according to the report of Kale (2010) significantly greatest N, P and K uptake of onion was due to Ammonium sulphate and sulphate of potash application than urea, sheep manure, farm yard manure and muriate of potash. It is attributed to the positive effect of sulphur on nitrogen absorption with the greater dry matter production with the supply of nutrients especially K and S. Increases in K content with increased level of sulphur were also reported by El-Bassiony (2006) . Also the present results are in close conformity with the findings of Singh et al. (1996) , FAI (1999) and Desuki et al. (2006) .
Also the nutrients uptake of garlic plant were significantly influenced by the interaction of soil type and season of crop production, and the highest uptake of N, P, K and S nutrients were recorded in plants produced on andosol in off-season (Table 8) . The lowest P, K and S nutrients uptake were obtained in plants produced on vertisol in offseason. However, the lowest N uptake of garlic was obtained on andosol in main rainy season. The highest N, P, K and S uptake due to the crop grown on andosol in off-season was improved by about 100, 125, 84 and 311%, respectively over their respective lowest nutrients uptake of the crop. This indicates that garlic production during off-season by irrigation over the soil having more nutrients in addition to the externally supplemented fertilizers led to the production of more dry matter which in turn enhances the uptake of nutrients from the soil. 
CONCLUSIONS
The morphological characters like plant height, neck diameter and leaf area index, and the concentrations of N, P, K and S nutrients, and their uptake by garlic plant were significantly influenced by the applications of different compound fertilizers, season and soil types at different growth stages. Majority of garlic growth indices showed linearly significant increase with growth periods in main rainy season than in off-season. Garlic plant shoots emergency was earlier on vertisol but physiological maturity was earlier on andosol, however, both of them were earlier in rainy season. With respect to the applications of different compound fertilizers at various rates, the days to plant germination and physiological maturity, and number of leaves per plant at all growth stages were not significantly affected.
In conclusion, garlic plants showed differential response to different rates of compound fertilizers, cropping season and soil types. Significantly superior response of garlic, as observed by the vegetative growth, nutrients content and uptake of the crop, was obtained when garlic planted in offseason by irrigation over andosol with the fertilizations of D-coder fertilizer at the rate of 200 kg ha -1 (28% N + 18% P + 42% S + 0.2% Zn) followed by Azofertil fertilizer at the rate of 300 kg ha -1 (90% N + 75% S). But, Basic fertilizer responded to higher growths and nutrient uptake of nutrients at higher levels (400 and 600 kg ha -1 ) (36% N + 24% P + 88% K + 40% CaO and 54% N + 36% P + 132% K + 60% CaO) than the other treatments. This led to conclude that Azofertil and D-coder fertilizers at the rates of 200 and 300 kg ha -1 , respectively are better to substitute the locally recommended NP fertilizers for garlic production on the soils of the area under the dry conditions by irrigation. However, further research should be under taken by comparing or supplementing with different sources of organic manures to minimize the fertilizers cost and to increase the productivity of heavy nutrient feeder garlic plant, as applications of higher doses of these compound fertilizers become unaffordable especially for poor farmers of the country.
